SUMMARY Patients with clinically well defined keratoconjunctivitis sicca (KCS) participated in two trials of hypo-osmolar tear substitutes. The trials were double masked, single crossover studies with computer generated random order allocation and were conducted by postal questionnaire. In the first trial a hypo-osmolar formulation using polyvinylpyrrolidone and hydroxyethyl cellulose was compared with the patients' usual treatment (BJ6 or hypromellose) and found to be inferior, especially in respect of blurring and stickiness caused by higher viscosity. In the second trial hypoosmolar preparations of BJ6 and hypromellose were compared with their iso-osmolar equivalents and found not to be significantly different in their effects. Hypo-osmolarity alone does not seem to guarantee relief of symptoms in KCS. Other factors including viscosity and colloid osmotic pressure may be more significant.
Keratoconjunctivitis sicca is a well recognised cause of much ocular pain and irritation, and, although many different solutions have been suggested as tear replacements, no single formulation has been shown to be superior for relief of symptoms. Attempts have been made to modify the composition of artificial tear drops to give maximal relief of dry eye symptoms, and some broad principles have emerged, especially relating to pH.'-3 Recent studies have suggested that increased tear osmolarity is responsible for the symptoms, signs, and possibly the epithelial changes seen in keratoconjunctivitis sicca. 1 Tear diluents have been suggested as a form of treatment and a small study carried out to show possible benefit.9 The present study was designed to assess whether drops with lower osmolarity but identical pH would give greater symptomatic relief in KCS.
Material and methods

TRIAL DESIGN
Two trials of hypo-osmolar tear substitutes were carried out. Patients with proved KCS who had been followed up for a minimum of six months in the External Diseases Clinic were selected. Diagnosis was based on history, symptoms, and signs including Correspondence to Peter Wright, FRCS, Moorfields Eye Hospital, City Road, London EC1V 2PD. tear film abnormalities, rose Bengal staining, and grossly deficient Schirmer test (<5 mm) on multiple visits. Exclusion criteria were stringent, and all patients using preservative-free drops or requiring them less often than four times daily as well as those with cicatrising conjunctival disease, epithelial metaplasia, or specific types of postinflammatory corneal pathology were excluded. The trials were double masked, neither doctor nor patient being aware of which preparation was in use or in which order, with a single crossover after two weeks' treatment with each drop. The drops were posted to the patients with a questionnaire designed to allow evaluation of immediate or later effects on a wide range of symptoms commonly experienced in KCS as well as any untoward effects.
The two treatment groups were equivalent in sex, age, and treatment prior to the trials. The ratio male/female was 1/4 and the mean age 51 years. The patients had previously been using hypromellose or BJ6 in a ratio of 3/1.
MATERIALS
For the first trial a new hypo-osmolar drop was formulated using two polymers different from those in our usual artificial tears but similar to many commercial preparations and previously found to be acceptable thickening agents"0 (Table 1) .
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Results
Twenty-nine patients took part in the first trial using Hypodrops Mk 1 versus their usual drops of either BJ6 or hypromellose. Twenty-six questionnaires were completed and returned. Of these, two were spoiled and unusable, two gave no preference, and of the remainder 17 (77%) preferred their old drops and only five the new ones. There was no difference between the groups in the sex ratio, order of drops used, type of symptoms usually experienced, or specific effects on symptoms, but 6/17 complained of blurring and 5/17 of stickiness while using the new drops.
These complaints appeared to be related to an increased viscosity of the new drops compared with the old, and preference for the old drops was significant at 1-5% by Fisher's test. The second trial involved 26 patients of whom 24 returned usable completed questionnaires.
The overall preferences expressed were: isoosmolar 14, hypo-osmolar 6, undecided 4. The apparent preference for iso-osmolar drops was not significant at the 5% level.
Despite the random allocation of the drops there was an apparent first use effect on expressed preference. Of those who preferred the hypo-osmolar drops all six had used the hypo-osmolar preparation first. Of those preferring the iso-osmolar drops nine (60%) had used the iso-osmolar first and only five (33%) the hypo-osmolar. Again these findings were not statistically significant.
Replies to specific questions concerning relief of common dry eye symptoms and possible adverse effects of the drops showed no statistically significant difference for the two preparations (Table 4 ).
Discussion
KCS is essentially a symptomatic problem complicated in a few patients by infection, for which there is still no completely satisfactory treatment. Replacement of the missing fluid from the outer eye would seem a simple matter, but despite clinical and laboratory studies" no universally acceptable tear substitute exists. Even though alkaline eye drops give the best subjective relief for KCS sufferers, only hypromellose and BJ6 are alkaline. Among other commercial preparations values as low as pH 4*6 are found, and none has a value higher than pH 7.50.12 Unfortunately the symptom complex caused by tear deficiency is not specific, and many other outer eye disorders, especially blepharitis and primary ocular surface disorders, may produce identical symptoms. It follows that the large number of prescriptions for artificial tear drops therefore only partly represent replacement therapy for dry eyes and probably the greater use is as a placebo. This more than any other factor explains the conflicting reports of their efficacy, and it was considered essential in this study to try the drops only in those patients with well Individual and diurnal variations in tear osmolarity have been found in normal, healthy, asymptomatic adults with individual subject means ranging from 310 to 334 mosm/kg.'4 The finding of increased tear osmolarity in patients with dysthyroid eye disease'5 also casts doubt on the prime role of hyperosmolarity in the causation of the epithelial changes seen in KCS. Although damage to rabbit corneal epithelium in vivo and in vitro has been demonstrated after exposure to solutions of hyperosmolar concentrations in the same range as is found in KCS, these rabbits do not show the clinical signs of KCS, and evidence of epithelial damage was found only at ultrastructural level. Cells showed loss of microvilli and desmosomal attachments, tending to round up or desquamate.
Hyperosmolarity of the tear fluid has been observed in rabbits after occlusion of the ducts of the tear producing glands, and the model has been suggested as a good one for the study of KCS. 16 These animals do not show any of the clinical features of human KCS, and the relevance of this experimental animal model to human disease has still to be confirmed. There is also a need to collate the findings in the proposed rabbit model with the previously reported finding of different osmolarity in rabbit tear fluid from the conjunctival sac and that obtained by cannulation of the lacrimal excretory duct. It was postulated that tears in the conjunctival sac remain isotonic, with plasma-like concentrations of sodium and chloride at all flow rates because of transport of these ions across the conjunctiva.'7 Why this does not occur in the rabbit dry eye model and in human subject remains unexplained.
Tear diluents have been proposed for treatment of KCS, and it has been shown that solutions of low osmolarity (75 mosm/1) are irritant and the ability of any hypo-osmolar solution to reduce tear fluid osmolarity is very short lasting.9 The reported benefit of 150 mosm/1 drops with a 2:1 preference for hypoosmolar drops has not been confirmed in our present study. It may be relevant that, among the small treatment groups, three out of four were not using artificial tear drops regularly, and so despite the osmotic evidence of KCS they could not be said to be typical dry eyed patients. The studies we now report suggest that differences of osmolarity do not override the effects of viscosity or pH and that when these latter are controlled no clear preference for hypoosmolar drops can be shown.
A recent publication has drawn attention to the possible effect of total colloidal osmolarity, or oncotic pressure, on the efficacy of artificial tear drops.'8 Although the colloidal osmolarity of normal tears and most tear substitutes is low, one commercial preparation said to be useful because it is hypoosmolar was found to have an oncotic pressure 60 times greater than that of most other artificial tear drops. The high colloidal osmolarity of the preparation is attributed to the high content of non-ionic crystalloids, especially glucose. The drops used in the trial now reported contained matching amounts of macromolecules to give comparable colloid osmolarity.
Further studies are planned to determine whether increased colloid osmolarity with or without alkaline pH will offer greater symptomatic relief. Meanwhile, although there will always be considerable individual variations of preference for one of the many tear substitutes available, there do not at present seem to be any good clinical data to suggest a need to modify the formulation of BJ6 or hypromellose to relieve dry eye symptoms. 
